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System and method of controlling power distribution from a
charging source to an electric vehicle having a battery. The
system includes a plurality of switches selectively connect-

able between the charging source, the battery and a thermal
circuit. A controller 1s configured to control operation of the
plurality of switches to provide multiple settings for the
clectric vehicle. The controller 1s configured to select from
the multiple settings based on part on a trigger signal from
a mobile application. The multiple settings include an exter-
nal power mode, a charging mode, a discharging mode and
a mixed charging and conditioning mode. The mixed charg-
ing and conditioning mode allows charging of the battery
concurrently with thermal conditioning of at least one of the
battery and a cabin of the vehicle. The mixed charging and
conditioning mode enables a power split between a thermal
conditioning power (P.) and a charging power (P,).
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SYSTEM AND METHOD OF CONTROLLING
POWER DISTRIBUTION FROM CHARGING
SOURCE TO ELECTRIC VEHICLE

INTRODUCTION

The present disclosure relates to a system and method of
controlling power distribution from a charging source to an
clectric vehicle having a battery. The use of purely electric
and partially electric vehicles, employing a battery as an
exclusive or non-exclusive source of propulsion, has greatly
increased over the last few vyears. The batteries require
periodic charging and may be employed as an energy source
for multiple components of the vehicle, including both
high-voltage and low-voltage components. At certain tem-
peratures, such as temperatures below freezing, the charging,
and discharging of batteries may not be optimal.

SUMMARY

Disclosed herein are a system and method of controlling
power distribution from a charging source to an electric
vehicle having a battery. A thermal circuit 1s configured to
selectively receive power from the charging source. The
system includes a plurality of switches selectively connect-
able between the charging source, the battery and the
thermal circuit. A controller 1s configured to control opera-
tion of the plurality of switches to provide multiple settings
for the electric vehicle. A mobile application 1s configured to
interface with the controller, with the mobile application
being stored on a mobile device.

The controller includes a processor and tangible, non-
transitory memory on which instructions are recorded. The
controller 1s configured to select from the multiple settings
based on part on a trigger signal from the mobile application.
The multiple settings include an external power mode, a
charging mode, a discharging mode and a mixed charging
and conditioning mode. The mixed charging and condition-
ing mode allows charging of the battery concurrently with
thermal conditioning of at least one of the battery and an
interior cabin of the electric vehicle. The mixed charging and
conditioning mode enables a power split between a thermal
conditioning power (P) and a charging power (P ).

The mobile application 1s configured to send the trigger
signal when a plurality of factors meet a respective pre-
defined criteria. The plurality of factors may include at least
one of a predefined alarm set up time, a predicted departure
time and a battery temperature. A cloud unit may be con-
figured to interface with and provide a user profile data to the
mobile application and the controller. The user profile data
may include a logged departure time history, cabin tempera-
ture at an average vehicle start time, the battery temperature
at the average vehicle start time and a battery state of charge
at the average vehicle start time.

The mobile application may be configured to determine
whether the electric vehicle 1s off-charge (such as for
example, not being plugged into a charging source) at the
predefined alarm set up time. When the electric vehicle 1s
ofl-charge at the predefined alarm set up time, the mobile
application 1s configured to determine a warm-up time for at
least one of the battery and the interior cabin, and alert a user
to connect the electric vehicle to the charging source with
the external power mode for at least a first time duration
prior to the departure time. The first time duration 1s greater
than the warm-up time, allowing sutlicient time for warming,
up the battery prior to the departure time.
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2

The warm-up time (t) for the battery may be based at least
partially on a battery temperature (1,) such that:

AT,

“ib dQ_hA(Tb _TC,DHI)_M(TE? _Ta)
dr '

My, Cpp

Here dQ 1s an amount of heat released from the battery, h 1s
a heat exchange coeflicient, A 1s an eflective surface area of
the battery, T ,,, 1s a temperature of a coolant configured to
cool the battery, T 1s an ambient temperature, M, 1s a mass
of the battery and C_, 1s a battery heat capacity.

The plurality of switches may include a first switch
selectively connecting the charging source to the controller,
a second switch selectively connecting the controller to the

battery and a third switch selectively connecting the con-
troller to the thermal circuit. The third switch may be
connected at a first junction upstream of the second switch.
The mixed charging and conditioning mode 1s operational
when the first switch, the second switch and the third switch
are each closed. The external power mode 1s operational
when the first switch and the third switch are closed and the
second switch 1s open, the external power mode being
configured to disconnect the battery from the charging
source. The charging mode 1s operational when the first
switch and the second switch are closed and the third switch
1s open. The discharging mode 1s operational when the
second switch and the third switch are closed and the first
switch 1s open.

In an alternate configuration, the plurality of switches
includes a first switch selectively connecting the charging
source to the controller, a second switch selectively con-
necting the controller to the battery, a third switch selec-
tively connecting the controller to the thermal circuit and a
fourth switch selectively connecting the controller to the
thermal circuit. In the alternate configuration, the third
switch 1s connected at a first junction downstream of the
second switch. The fourth switch 1s connected at a second
junction upstream of the second switch and a third junction
downstream of the third switch. Here the mixed charging
and conditioning mode 1s operational when the first switch,
the second switch and the third switch are each closed and
the fourth switch 1s open. The external power mode 1s
operational when the first switch and the fourth switch are
closed, the second switch and the third switch being open.
The charging mode 1s operational when the first switch and
the second switch are closed, the third switch and the fourth
switch being open. The discharging mode 1s operational
when the first switch, the second switch and fourth switch
are open, the third switch being closed.

When the battery temperature 1s less than or equal to a
first threshold, at least one of the controller and the mobile
application may be configured to select the external power
mode to thermally condition the battery such that the battery
current 1s zero. When the battery temperature 1s above the
first threshold and below a second threshold, at least one of
the controller and the mobile application may be configured
to select the mixed charging and conditioning mode from the
multiple settings and select a constant voltage charging
modality for charging the battery. Here the power split
between the conditioning power (P ) and the charging power
(P.) 1s based 1n part on a respective voltage (V ) from the
charging source and the battery current (I,) such that:
P=Pc~-1,*V,).

When the battery temperature 1s at or above the second
threshold, at least one of the controller and the mobile
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application may be configured to select the mixed charging
and conditioning mode from the multiple settings and select
a constant current charging modality for charging the bat-
tery. Here the power split between the conditioning power
(P,) and the charging power (P,) 1s based in part on the
respective voltage (V) of the battery and the battery current
(I,) such that: P.=(P~1,*V,).

The above features and advantages and other features and
advantages of the present disclosure are readily apparent
from the following detailed description of the best modes for

carrying out the disclosure when taken in connection with
the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic illustration of a system of distrib-
uting power Irom a charging source to an electric vehicle
having a battery, a plurality of switches and a controller
configured to interface with a mobile application;

FIG. 2 1s a schematic fragmentary illustration of an
alternate configuration for the plurality of switches shown 1n
FIG. 1;

FIG. 3 a schematic example graph showing battery tem-
perature on the vertical axis and estimated thermal condi-
tioming time on the horizontal axis;

FIG. 4 1s a schematic flow diagram of a method execut-
able by the controller and/or mobile application of FIG. 1;
and

FIG. 5 1s a schematic flow diagram of a mixed protocol

executable by the controller and/or mobile application of
FIG. 1.

DETAILED DESCRIPTION

Referring to the drawings, whereimn like reference num-
bers refer to like components, FIG. 1 schematically illus-
trates a system 10 for controlling power distribution to a
rechargeable energy storage unit, referred to herein as bat-
tery 12, and other components of an electric vehicle 14. The
power 1s channeled from a charging source 16, which may
be a retail charging station, an industrial unit, a home unit or
other unit. The electric vehicle 14 may be a mobile platiorm,
such as, but not limited to, a passenger vehicle, sport utility
vehicle, light truck, heavy duty vehicle, ATV, minivan, bus,
transit vehicle, bicycle, robot, farm implement (e.g. tractor),
sports-related equipment (e.g. golf cart), boat, plane and
train. The electric vehicle 14 may take many different forms
and may be partially electric or fully electric.

Referring to FIG. 1, communication with the charging
source 16 may be facilitated by a user interface 18 opera-
tively connected to the charging source 16. Referring to FIG.
1, the system 10 includes a thermal circuit 20 configured to
selectively receive power from the charging source 16. The
thermal circuit 20 includes a high voltage heater 22, a
pressurized pump 24 and tank 26. Thermal fluid, referred to
herein as coolant 28, 1s stored 1n the tank 26 and delivered
to the heater 22 via the pressurized pump 24. The coolant 28
may leave the heater 22 and enter a cooling portion 30 (e.g.
a cooling plate) embedded 1n or otherwise thermally con-
nected to the battery 12 for purposes ol regulating the
temperature of the battery 12. The thermal circuit 20 may
turther include a battery chiller or evaporator 32, an air
compressor 34 and a condenser 36, each working 1n concert
to reduce the temperature of the coolant 28 as needed. It 1s
to be understood that the thermal circuit 20 may include
other components and circuitry available to those skilled 1n
the art.
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Referring to FIG. 1, a plurality of switches S 1s selectively
connectable between the charging source 16, the battery 12
and the thermal circuit 20. The plurality of switches S enable
a respective circuit connection when 1n an ON state and
disable the respective circuit connection when 1 an OFF
state. The plurality of switches S may be joint contact
switches and may be composed of semi-conductors. In one
example, the plurality of switches S are silicon MOSFET
switches. Other switches available to those skilled 1n the art
may be employed. The battery 12 may include rechargeable
units having different chemistries, including not limited to,
lithium-1on, lithtum-iron, nickel metal hydride and lead acid
batteries, with the number of units being varied based on the
application at hand.

Referring to FIG. 1, a controller C 1s configured to control
operation of the plurality of switches S to provide multiple
(power) settings for the electric vehicle 14. The controller C
includes at least one processor P and at least one memory M
(or non-transitory, tangible computer readable storage
medium) on which nstructions are recorded for executing a
method 300 for controlling distribution of power from the
charging source 16 to the electric vehicle 14. The memory
M can store controller-executable instruction sets, and the
processor P can execute the controller-executable 1nstruction
sets stored in the memory M.

Referring to FIG. 1, a mobile application 38 1s configured
to interface with the controller C. The mobile application 38
may be stored on a mobile device 40, such as a smartphone
operated by a user of the electric vehicle 14. Additionally,
the controller C and/or the mobile application 38 may
communicate with the charging source 16 via the user
interface 18. The controller C 1s configured to select from the
multiple settings based on part on a trigger signal from the
mobile application 38. The mobile application 38 1s config-
ured to send the trigger signal when a plurality of factors
meet a respective predefined criteria. The plurality of factors
may include a predefined alarm set up time, a predicted
departure time, a plug-in charging status and a battery
temperature. The mobile application 38 may be 1n commu-
nication with the controller C, such that i1t has access to the
data 1n the controller C.

Referring to FIG. 1, a cloud unit 42 may be configured to
interface with and provide a user profile data to the mobile
application 38 and the controller C. The user profile data
may 1nclude a logged departure time history, cabin tempera-
ture at an average vehicle start time, the battery temperature
at the average vehicle start time and a battery state of charge
at the average vehicle start time. Referring to FIG. 1, the
controller C, the cloud unit 42 and the mobile application 38
may communicate through a network connection 46, which
may be a short-range network or a long-range network. The
cloud unit 42 may be a public, private or commercial source
of information. Alternatively, the mobile application 38 may
be built mnto and run on an infotainment system of the
clectric vehicle 14. The circuitry and components of a
mobile application 38 (“apps”) available to those skilled 1n
the art may be employed.

Referring to FIG. 1, the thermal circuit 20 1s operatively
connected to an auxiliary power supply 48, for thermal
conditioning of various components of the electric vehicle
14. For example, power supplied by the charging source 16
may be channeled for thermal conditioning of an interior
cabin 50 of the electric vehicle 14. In one example, the
power supplied by the charging source 16 1s at a relatively
high voltage (e.g. 360 to 400 Volts), the auxiliary power
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supply 48 1s configured to supply a relatively low voltage
(e.g. 12 Volts) and a DC-DC converter 52 1s employed as an
intermediary.

The plurality of switches S may be controlled to provide
multiple settings for the electric vehicle 14, including an
external power mode, a charging mode, a discharging mode
and a mixed chargmg and condltlomng mode. The mixed
charging and conditioning mode 1s configured to allow
charging of the battery 12 concurrently with thermal con-
ditioning of at least one of the battery 12 and the interior
cabin 50. The mixed charging and conditioning mode
enables a power split (of the total power available) between
a thermal conditioning power (P,) and a charging power
(P ). The mobile application 38 may be configured to allow
on-demand pre-conditioning for the battery 12 and interior
cabin 50 with the mixed charging and conditioning mode.

Referring to FI1G. 1, the plurality of switches S includes a
first switch 54 selectively connecting the charging source 16
to the controller C, a second switch 56 selectively connect-
ing the controller to the battery 12 and a third switch 58
selectively connecting the controller C to the thermal circuit
20. In the first configuration shown in FIG. 1, the third
switch 58 1s connected at a first junction 60 upstream of the
second switch 56. In the first configuration, the mixed
charging and conditioning mode 1s operational when the first
switch 54, the second switch 56 and the third switch 58 are
cach closed. The external power mode 1s operational when
the first switch 54 and the third switch 38 are closed and the
second switch 56 1s open. The external power mode 1s
configured to disconnect the battery 12 from the charging
source 16. The charging mode 1s operational when the first
switch 54 and the second switch 56 are closed, and the third
switch 38 1s open. The discharging mode 1s operational
when the second switch 56 and the third switch 38 are closed
and the first switch 54 1s open. In the discharging mode, the
battery 12 will provide energy to an electric motor (not
shown) that provides propulsion power to the electric
vehicle 14.

FIG. 2 1s a schematic fragmentary illustration of an
alternate configuration for the plurality of switches S. Here,
the plurality of switches S includes a first switch 154
selectively connecting the charging source 16 to the con-
troller C, a second switch 156 selectively connecting the
controller C to the battery 12 and a third switch 158
selectively connecting the controller C to the thermal circuit
20. The alternate configuration includes a fourth switch 159
selectively connecting the controller C to the thermal circuit
20. Referning to FIG. 2, the third switch 138 i1s connected at
a first junction 160 downstream of the second switch 156.
The fourth switch 159 1s connected at a second junction 162
upstream of the second switch 156 and a third junction 164
downstream of the third switch 158.

In the alternate configuration of FIG. 2, the mixed charg-
ing and conditioning mode 1s operational when the first
switch 154, the second switch 156 and the third switch 158
are each closed and the fourth switch 159 1s open. The
external power mode 1s operational when the first switch 154
and the fourth switch 159 are closed, the second switch 156
and the third switch 158 being open. Referring to FIG. 2, the
charging mode 1s operational when the first switch 154 and
the second switch 156 are closed, the third switch 158 and
the fourth switch 159 being open. The discharging mode 1s
operational when the first switch 154, the second switch 156
and fourth switch 159 are open, the third switch 1358 being
closed.

Referring now to FIG. 3, a schematic example graph of
battery temperature (T,) on the vertical axis and warm up
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time (for the battery 12) 1s shown on the horizontal axis. The
first trace 202 and the second trace 204 show the battery
temperature relative to warm up time for a first available
power and a second available power, the first available
power being greater than the second available power. The
starting temperature 1s indicated by T.. As shown 1n FIG. 3,

the first warm up time (t,) and the second warm up time (t,)
indicate the time required to reach a desired battery tem-

perature 206 (from the starting temperature 1) at the first
available power and the second available power, respec-
tively. At least one of the controller C and the mobile
application 38 may be configured to generate multiple traces
at diflerent power levels to represent battery temperature
over time.

Referring now to FIG. 4, a flowchart of the method 300
1s shown. Method 300 may be stored on and executable by
at least one of the controller C and the mobile application 38
of FIG. 1. The method 300 need not be applied 1n the specific
order recited heremn and may be dynamically executed.
Furthermore, 1t 1s to be understood that some steps may be
climinated. As used heremn, the terms ‘dynamic’ and
‘dynamically’ describe steps or processes that are executed
in real-time and are characterized by monitoring or other-
wise determining states of parameters and regularly or
periodically updating the states of the parameters during
execution of a routine or between iterations of execution of
the routine.

The method 300 begins at block 302, where 1t 15 deter-
mined 11 a trigger signal has been received from the mobile
application 38. If so, the method 300 proceeds to block 304.
If not, the method 300 1s ended. The mobile application 38
may be configured to send the trigger signal when a plurality
of factors meet a respective predefined criteria. The plurality
of factors may include a predefined alarm set up time (e.g.
a wake up time of the user), a specific time (e.g. 1 hour) prior
to a predicted departure time and a battery temperature (e.g.
being below a specific temperature).

Per block 304, the mobile application 38 and/or the
controller C 1s configured to determine whether the electric
vehicle 14 1s plugged into the charging source 16. If the
clectric vehicle 14 1s off-charge (e.g., not plugged into the
charging source 16) at the predefined alarm set up time, per
block 306 of FIG. 4, the mobile application 38 and/or the
controller C may be configured to determine a warm-up time
for at least one of the battery 12 and the interior cabin 50,
and communicate to a user to connect or plug the electric
vehicle 14 to the charging source 16 with the external power
mode for a first time duration prior to the departure time. The
first time duration 1s selected to be greater than the warm-up
time to allow suflicient time for warm-up prior to the
expected departure time.

The warm-up time for the battery 12 may be modeled
based in part on equations (1), (2) and (3), described below,
using methods and techniques available to those skilled 1n
the art. The methods may include numerical simulation
using software such as MATLAB or C++. The warm-up time
(t) for the battery may be based in part on a battery
temperature (1,) such that:

dT, B dQ — hA(T,, — (Equation 1)

TE:,GHI‘) - hA(Tb - T-:I)
dt '

My, Cop

Here dQ 1s the heat released from the battery 12 11 the battery
12 1s being charged, h 1s a heat exchange coellicient, A 1s an

ellective surface area of the battery 12, T 1s a tempera-

C.OLE
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ture of the coolant 28 leaving the heater 22 and entering the
cooling portion 30 of the battery 12, T 1s the ambient
temperature, M, 1s a mass of the battery and C,, 1s a battery
heat capacity. The heat exchange between the battery 12, the
coolant 28, the heater 22 and the pump 24 may be repre-
sented by the following equations:

(Equation 2)

ch:,in _ Cpﬂmﬂ(Tﬂ,DHI = Tc,in) — hA(TE:,GHI‘ — Tb)

di M. Cp '

dTﬂ,GHI
dr

- TL’:,GE{I‘) - M(Tﬂ,fﬂ
Mﬂ Cp::

[a"Qh + Cpctiic (T in - T } (Equation 3)

Here (in additional to the parameters above), T_,, 1s a
temperature of the coolant 28 entering the heater 22, m , 1s
a flow rate of the coolant 28, dQh 1s an amount of heat
transterred to the coolant 28 from the heater 22, M 1s a mass
of the coolant 28 and C,_ 1s a heat capacity ot the coolant 28.

The warm-up time for the interior cabin 50 may be
obtained using a cabin climate thermal model or look-up
table available to those skilled 1n the art. The mput factors
to the cabin climate thermal model may include a desired
cabin temperature, a circulating cabin air tflow rate, the
cooling or heating power available, the ambient temperature,
and a thermal capacitance factor of the air, wall and seats 1n
the interior cabin 50. Additionally, per block 308 of FIG. 4,
the mobile application 38 and/or the controller C may be
configured to activate a wireless charging source 16 (it the
charging source 16 1s a wireless charger) to deliver power
through the external power mode for the first time duration
prior to the departure time.

The method 300 proceeds from block 304 to block 310
when the electric vehicle 14 1s plugged into the charging
source 16. In block 310, the mobile application 38 and/or the
controller C 1s configured to determine 1f the battery tem-
perature 1s less than or equal to a first threshold (T,). In one
example, the first threshold (1) 1s 0 degrees Celsius. If so,
the method 300 proceeds to block 312, where the external
power mode 1s selected to thermally condition the battery
12. The battery current 1s configured to be zero in the
external power mode. As indicated by line 314, the method
300 loops back to block 310 from block 312 until the battery
temperature 1s above the first threshold (T,).

Per block 310, i1 the battery temperature 1s greater than
the first threshold (T,), the method 300 proceeds to block
316, where the mobile application 38 and/or the controller C
1s configured determine 1t the charging source 16 1s at a
relatively high voltage. If the charging source 16 1s at a
relatively low voltage, such as 110 Volts, the method 300
proceeds to block 318, where a sequential protocol 1s
selected. The sequential protocol mvolves first charging the
battery 12 using the charging mode and then thermally
conditioning the interior cabin 50 (or other component) with
the external power mode. If the charging source 16 1s at a
relatively high voltage, such as 240 Volts, the method 300
proceeds to block 320, where either the sequential protocol
or a mixed protocol 400 may be selected.

A flowchart of the mixed protocol 400 1s shown in FIG.
5. Per block 402 of FIG. 5, the mobile application 38 and/or
the controller C 1s configured to determine 1f the battery
temperature 1s above the first threshold (T,) and below a

second threshold (T,). If so, the mixed protocol 400 pro-
ceeds to block 408. In one example, the first threshold (T )
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1s 32 Fahrenheit and the second threshold (T,) 1s 45 Fahr-
enheit. The various thresholds may be selected based on the
application at hand.

The mixed protocol 400 proceeds from block 402 to block
404 when the battery temperature 1s above the second
threshold (T,). Per block 404, at least one of the controller
C and the mobile application 38 1s configured to select the
mixed charging and conditioning mode from the multiple
settings and select a constant current charging modality for
charging the battery 12. Here the power split between the
conditioning power (P,) and the charging power (P.) 1s
based 1n part on the respective voltage (V) of the battery 12
and the battery current (I,) such that: P,.=(P-1,*V,). The
mixed protocol 400 proceeds from block 404 to block 406,
where the heating/cooling PWM duty cycle of the charging
source 16 1s controlled to generate a desired heating or
cooling power to ensure suflicient power.

In block 408, the mobile application 38 and/or the con-
troller C 1s configured to select the mixed charging and
conditioning mode from the multiple settings, along with a
constant voltage charging modality for charging the battery
12. Here the power split between the conditioning power
(P,) and the charging power (P.) 1s based in part on a
respective voltage (V) from the charging source and the
battery current (I,) such that: P.=(P-1,*V ).

Next, per block 410, the mobile application 38 and/or the
controller C 1s configured to determine 1f the battery tem-
perature (1 ,) 1s above a target warm-up temperature (W). In
one example, the target warm-up temperature (W) 1s
selected to be 60 Fahrenheit. If so, the mixed protocol 400
proceeds to block 416, where either the constant voltage
charging modality or the constant current charging modality
1s selected to continuously charge the battery 12. If the
battery temperature (T,) 1s less than the target warm-up
temperature (W), the mixed protocol 400 proceeds from
block 410 to block 412.

Per block 412, the controller C and/or mobile application
38 1s configured to determine 11 a state of charge (SOC) of
the battery 12 1s greater than or equal to a predefined target
state of charge (SOC..). The state of charge may be obtained
from one or more sensors (not shown) 1n communication
with the battery 12. The state of charge refers to the stored
charge available to do work relative to that which 1s avail-
able being fully charged and may be viewed as an assess-
ment of the potential energy, extending between a minimum
of 0% and a maximum of 100%. 11 so, the mixed protocol
400 proceeds from block 412 to block 414, where the second
switch 56, 156 (see FIGS. 1 and 2) 1s opened to disconnect
the battery 12 and cease charging of the battery 12. If not,
the mixed protocol 400 loops back to block 410.

In summary, the system 10 allows intelligent pre-condi-
tioning of the battery 12 and/or the interior cabin 30 and
battery fast charging under different weather conditions,
such as for example conditions below the freezing point,
prior to the expected departure time of the electric vehicle
14. The trigger of pre-conditioning i1s based on learned
personalized driver behaviors and communication between
the mobile application 38, a user profile from a cloud unit
42, and the controller C of the electric vehicle 14. The
system 10 has the technical advantage of allowing electrical
components of the electric vehicle 14 to take energy tlexibly
either directly from a source such as the charging station 16
or from the battery 12. Accordingly, the system 10 improves
the Tunctioning of the electric vehicle 14.

The flowcharts 1in FIGS. 4-5 illustrate an architecture,
functionality, and operation of possible implementations of
systems, methods, and computer program products accord-
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ing to various embodiments of the present disclosure. In this
regard, each block in the flowchart or block diagrams may
represent a module, segment, or portion of code, which
comprises one or more executable instructions for imple-
menting the specified logical function(s). It will also be
noted that each block of the block diagrams and/or flowchart
illustrations, and combinations of blocks in the block dia-
grams and/or flowchart illustrations, may be implemented
by specific purpose hardware-based systems that perform
the specified functions or acts, or combinations of specific
purpose hardware and computer instructions. These com-
puter program 1nstructions may also be stored 1n a computer-
readable medium that can direct a controller or other pro-
grammable data processing apparatus to function i a
particular manner, such that the instructions stored in the
computer-readable medium produce an article of manufac-
ture including instructions to implement the function/act
specified 1n the flowchart and/or block diagram block or
blocks.

The controller C of FIG. 1 may be an integral portion of,
or a separate module operatively connected to, other con-
trollers of the electric vehicle 14. The controller C includes
a computer-readable medium (also referred to as a proces-
sor-readable medium), including a non-transitory (e.g., tan-
gible) medium that participates 1 providing data (e.g.,
instructions) that may be read by a computer (e.g., by a
processor of a computer). Such a medium may take many
forms, including, but not limited to, non-volatile media and
volatile media. Non-volatile media may include, ifor
example, optical or magnetic disks and other persistent
memory. Volatile media may include, for example, dynamic
random access memory (DRAM), which may constitute a
main memory. Such instructions may be transmitted by one
or more transmission media, mcluding coaxial cables, cop-
per wire and fiber optics, including the wires that comprise
a system bus coupled to a processor of a computer. Some
forms of computer-readable media include, for example, a
tloppy disk, a flexible disk, hard disk, magnetic tape, other
magnetic media, a CD-ROM, DVD, other optical media,
punch cards, paper tape, other physical media with patterns
of holes, a RAM, a PROM, an FPROM, a FLASH-EE-
PROM, other memory chips or cartridges, or other media
from which a computer can read.

Look-up tables, databases, data repositories or other data
stores described herein may include various kinds of mecha-
nisms for storing, accessing, and retrieving various kinds of
data, including a hierarchical database, a set of files 1n a file
system, an application database in a proprietary format, a
relational database management system (RDBMS), efc.
Each such data store may be included within a computing
device employing a computer operating system such as one
of those mentioned above, and may be accessed via a
network 1n one or more of a variety of manners. A file system
may be accessible from a computer operating system, and
may include files stored 1n various formats. An RDBMS may
employ the Structured Query Language (SQL) 1n addition to
a language for creating, storing, editing, and executing
stored procedures, such as the PL/SQL language mentioned
above.

The detailed description and the drawings or FIGS. are
supportive and descriptive of the disclosure, but the scope of
the disclosure 1s defined solely by the claims. While some of
the best modes and other embodiments for carrying out the
claimed disclosure have been described in detail, various
alternative designs and embodiments exist for practicing the
disclosure defined in the appended claims. Furthermore, the
embodiments shown 1n the drawings or the characteristics of
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various embodiments mentioned in the present description
are not necessarily to be understood as embodiments 1nde-
pendent of each other. Rather, it 1s possible that each of the
characteristics described 1n one of the examples of an
embodiment can be combined with one or a plurality of
other desired characteristics from other embodiments,
resulting in other embodiments not described in words or by
reference to the drawings. Accordingly, such other embodi-
ments fall within the framework of the scope of the
appended claims.

What 1s claimed 1s:

1. A system of controlling power distribution from a
charging source to an electric vehicle having a battery, the
system comprising;:

a thermal circuit configured to selectively receive power
from the charging source;

a plurality of switches selectively connectable between
the charging source, the battery and the thermal circuit;

a controller configured to control operation of the plural-
ity ol switches to provide multiple settings for the
clectric vehicle, the multiple settings including an
external power mode, a charging mode, a discharging
mode and a mixed charging and conditioning mode;

a mobile application configured to intertace with the
controller, the mobile application being stored on a
mobile device;

wherein the controller includes a processor and tangible,
non-transitory memory on which instructions are
recorded, execution of the instructions causing the
controller to select from the multiple settings based 1n
part on a trigger signal from the mobaile application; and

wherein the mixed charging and conditioning mode
allows charging of the battery concurrently with ther-
mal conditioning of at least one of the battery and an
interior cabin of the electric vehicle, the mixed charg-
ing and conditioning mode enabling a power split

between a thermal conditioning power (P, and a

charging power (P ).

2. The system of claim 1, wherein:

the mobile application 1s configured to send the trigger
signal when a plurality of factors meet a respective
predefined critenia; and

the plurality of factors include at least one of a predefined
alarm set up time, a predicted departure time and a
battery temperature.

3. The system of claim 2, further comprising:

a cloud unit configured to interface with and provide a
user profile data to the mobile application and the
controller; and

wherein the user profile data includes a logged departure
time history, a cabin temperature at an average vehicle
start time, the battery temperature at the average
vehicle start time and a battery state of charge at the
average vehicle start time.

4. The system of claim 1, wherein:

the mobile application 1s configured to determine whether
the electric vehicle 1s ofl-charge at a predefined alarm
set up time; and

when the electric vehicle 1s ofl-charge at the predefined

alarm set up time, the mobile application 1s configured
to:

determine a warm-up time for at least one of the battery
and the interior cabin; and

alert a user to connect the electric vehicle to the
charging source with the external power mode at
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least a first time duration prior to a departure time,
the first time duration being greater than the warm-
up time.
5. The system of claim 4, wherein:
the warm-up time (t) for the battery 1s based 1n part on a
battery temperature (1,) such that:

dly, — dQ — hA(Ty — Toow) — AT, — T,)

dar My Co

and

wherein dQ) 1s an amount of heat released from the battery,
h 1s a heat exchange coeflicient, A 1s an eflective surface
area of the battery, T_ ,, 1s a temperature of a coolant
configured to cool the battery, T 1s an ambient tem-
perature, M, 1s a mass of the battery and C_,, 1s a battery
heat capacity.

6. The system of claim 1, wherein:

the plurality of switches include a first switch selectively
connecting the charging source to the controller, a
second switch selectively connecting the controller to
the battery and a third switch selectively connecting the
controller to the thermal circuit;

the third switch 1s connected at a first junction upstream
of the second switch;

the mixed charging and conditioming mode 1s operational
when the first switch, the second switch and the third
switch are each closed;

the external power mode 1s operational when the first
switch and the third switch are closed and the second
switch 1s open, the external power mode being config-
ured to disconnect the battery from the charging source;

the charging mode 1s operational when the first switch and
the second switch are closed and the third switch 1s
open; and

the discharging mode 1s operational when the second
switch and the third switch are closed and the first
switch 1s open.

7. The system of claim 1, wherein:

the plurality of switches include a first switch selectively
connecting the charging source to the controller, a
second switch selectively connecting the controller to
the battery, a third switch selectively connecting the
controller to the thermal circuit, and a fourth switch
selectively connecting the controller to the thermal
circuit;

the third switch 1s connected at a first junction down-
stream of the second switch;

the fourth switch 1s connected at a second junction
upstream of the second switch and a third junction
downstream of the third switch;

the mixed charging and conditioning mode 1s operational
when the first switch, the second switch and the third
switch are each closed and the fourth switch 1s open;

the external power mode 1s operational when the first
switch and the fourth switch are closed, the second
switch and the third switch being open;

the charging mode 1s operational when the first switch and
the second switch are closed, the third switch and the
fourth switch being open; and

the discharging mode 1s operational when the first switch,
the second switch and fourth switch are open, the third
switch being closed.
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8. The system of claim 1, wherein:

when a battery temperature 1s less than or equal to a first
threshold, at least one of the controller and the mobile
application 1s configured to select the external power
mode to thermally condition the battery such that a
battery current 1s zero.

9. The system of claim 8, wherein:

when the battery temperature 1s above the first threshold
and below a second threshold, at least one of the
controller and the mobile application 1s configured to
select the mixed charging and conditioning mode from
the multiple settings and select a constant voltage
charging modality for charging the battery; and

the power split between the conditioning power (P.,) and
the charging power (P ) 1s based 1n part on a respective
voltage (V) from the charging source and the battery
current (I,) such that: P,.=P~1,*V ).

10. The system of claim 9, wherein:

when the battery temperature 1s at or above the second
threshold, at least one of the controller and the mobile
application 1s configured to select the mixed charging
and conditioning mode from the multiple settings and
select a constant current charging modality for charging
the battery; and

the power split between the conditioning power (P,) and
the charging power (P ) 1s based 1n part on the respec-
tive voltage (V,) of the battery and the battery current
(I,) such that: P,.=(P_-1,*V,).

11. A method of controlling power distribution from a

charging source to an electric vehicle having a battery and
a controller with a processor and tangible, non-transitory
memory, the method comprising:

configuring a thermal circuit to selectively recerve power
from the charging source;

connecting a plurality of switches between the charging
source, the battery and the thermal circuait;

controlling operation of the plurality of switches, via the
controller, to provide multiple settings for the electric
vehicle, the multiple settings including an external
power mode, a charging mode, a discharging mode and
a mixed charging and conditioming mode;

configuring the mixed charging and conditioning mode to
allow charging of the battery concurrently with thermal
conditioning of at least one of the battery and an
interior cabin of the electric vehicle, the mixed charg-
ing and conditioning mode enabling a power split
between a thermal conditioning power (P,) and a
charging power (P );

storing a mobile application on a mobile device and
configuring the controller to interface with the mobile
application; and

selecting from the multiple settings, via the controller,
based 1 part on a trigger signal from the mobile
application.

12. The method of claim 11, further comprising:

configuring the mobile application to send the trigger
signal when a plurality of factors meet a respective
predefined critenia; and

including at least one of a predefined alarm set up time,
a predicted departure time and a battery temperature 1n
the plurality of factors.

13. The method of claim 12, further comprising:

configuring a cloud unit to interface with and provide a
user profile data to the mobile application and the
controller; and

including a logged departure time history, cabin tempera-
ture at an average vehicle start time, the battery tem-
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perature at the average vehicle start time and a battery
state of charge at the average vehicle start time in the
user proiile data.

14. The method of claim 11, further comprising:

configuring the mobile application to determine whether
the electric vehicle 1s off-charge at a predefined alarm
set up time;

determining a warm-up time for at least one of the battery
and the interior cabin, via the mobile application, when
the electric vehicle 1s off-charge at the predefined alarm
set up tume; and

alerting a user to connect the electric vehicle to the
charging source with the external power mode at least
a first time duration prior to a departure time, the first
time duration being greater than the warm-up time.

15. The method of claim 14, further comprising:

determining the warm-up time (t) for the battery based in
part on a battery temperature (T,) such that:

dl, — dQ — hA(Ty — Tooue) — AT, = 1)
dt B Mbcpb ’

and

wherein dQ 1s an amount of heat released from the battery,
h 1s a heat exchange coeflicient, A 1s an eflective surface
area of the battery, T__,,, 1s a temperature of a coolant
configured to cool the battery, T 1s an ambient tem-
perature, M, 1s a mass of the battery and C_,, 1s a battery
heat capacity.

16. The method of claim 11, further comprising:

providing the plurality of switches with a first switch
selectively connecting the charging source to the con-
troller, a second switch selectively connecting the con-
troller to the battery and a third switch selectively
connecting the controller to the thermal circuit;

connecting the third switch at a first junction upstream of
the second switch;

operating the mixed charging and conditioning mode
when the first switch, the second switch and the third
switch are each closed;

operating the external power mode when the first switch
and the third switch are closed and the second switch 1s
open, the external power mode being configured to
disconnect the battery from the charging source;

operating the charging mode when the first switch and the
second switch are closed and the third switch 1s open;
and

operating the discharging mode when the second switch
and the third switch are closed and the first switch 1s
open.

17. The method of claim 11, further comprising:

providing the plurality of switches with a first switch
selectively connecting the charging source to the con-
troller, a second switch selectively connecting the con-

troller to the battery, a third switch selectively connect-
ing the controller to the thermal circuit, and a fourth
switch selectively connecting the controller to the ther-
mal circuit;

connecting the third switch at a first junction downstream
of the second switch;

connecting the {fourth switch at a second junction
upstream of the second switch and a third junction
downstream of the third switch:
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operating the mixed charging and conditioning mode
when the first switch, the second switch and the third
switch are each closed and the fourth switch 1s open;

operating the external power mode when the first switch
and the fourth switch are closed and the second switch
and the third switch are open;

operating the charging mode when the first switch and the
second switch are closed and the third switch and the
fourth switch are open; and

operating the discharging mode when the first switch, the
second switch and fourth switch are open and the third
switch 1s closed.

18. The method of claim 11, further comprising:

selecting the external power mode to thermally condition
the battery when a battery temperature 1s less than or
equal to a first threshold, such that a battery current 1s
zero, via at least one of the controller and the mobile
application;

selecting the mixed charging and conditioning mode from
the multiple settings when the battery temperature 1s
above the first threshold and below a second threshold,
via at least one of the controller and the mobile appli-
cation; and

selecting a constant voltage charging modality for charg-
ing the battery when the battery temperature 1s above
the first threshold and below the second threshold, and
configuring the power split between the conditioning,
power (P.,) and the charging power (P ) to be based 1n
part on a respective voltage (V) from the charging
source and the battery current (I,) such that: P,=(P -
I,*V ).

19. The method of claim 18, further comprising:

selecting the mixed charging and conditioning mode from
the multiple settings when the battery temperature 1s at
or above the second threshold, via at least one of the
controller and the mobile application; and

selecting a constant current charging modality for charg-
ing the battery when the battery temperature 1s at or
above the second threshold and configuring the power
split between the conditioning power (P,) and the
charging power (P ) to be based 1n part on the respec-
tive voltage (V,) of the battery and the battery current
(I,) such that: P.=P~1,*V,).

20. An electric vehicle comprising:

a battery configured to at least partially provide a propul-
S10N energy;

a thermal circuit configured to thermally condition the
battery, the thermal circuit being configured to selec-
tively receive power from a charging source;

a plurality of switches selectively connectable between
the charging source, the battery and the thermal circuait;

a controller configured to control operation of the plural-
ity ol switches to provide multiple settings for the
clectric vehicle, the controller including a processor
and tangible, non-transitory memory on which instruc-
tions are recorded;

a mobile application configured to intertace with the
controller, the mobile application being stored on a
mobile device;

wherein the controller 1s configured to select from the
multiple settings based on part on a trigger signal from
the mobile application, the multiple settings including
an external power mode, a charging mode, a discharg-
ing mode and a mixed charging and conditioning mode;
and

wherein the mixed charging and conditioning mode
allows charging of the battery concurrently with ther-
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mal conditioning of at least one of the battery and an
interior cabin of the electric vehicle, the mixed charg-
ing and conditioning mode enabling a power split
between a thermal conditionming power (P,) and a
charging power (P ).
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